Aims: The aim was to compare early discontinuation and related treatment costs in type 2 diabetes in primary care after initiation of insulin glargine or human basal insulin (NPH). Methods: Overall, 2765 glargine and 1554 NPH patients from 1072 general practices were analyzed (Disease Analyser). Early discontinuation was defined as switching to a different basal insulin or another insulin treatment regimen within 90 days after first basal insulin prescription (index date, ID). Treatment costs were assessed 365 days prior and post ID in both groups. Propensity score matching and linear regression was used to adjust cost differences (post vs prior ID: discontinued vs continued patients) for age, sex, diabetes duration, antidiabetic comedication, diabetologist care, disease management program participation, costs before ID, and Charlson Comorbidity Index. Results: Within 3 months after ID, 13% of glargine patients switched to other insulin treatment regimens (NPH: 18%; P < .05). After propensity score matching, adjusted cost differences in 146 discontinued versus 1342 continued glargine patients were calculated (NPH: 146 vs 1342). Diabetes-related prescription costs were lower among persistent glargine patients compared to persistent NPH patients ; P = .0109). Mean cost difference for diabetes-related prescriptions was lower among those who persisted on glargine compared to those who switched to other treatment regimens , P = .0780). Conclusions: Treatment persistence within 3 months after basal insulin initiation was significantly higher under insulin glargine compared to NPH. Diabetes-related prescription costs were significantly lower among patients who adhered to insulin glargine compared to persistent NPH patients.
If glycemic control cannot be maintained by oral antidiabetic drugs alone, type 2 diabetes patients often start a basalsupported oral therapy (BOT). 1 Either intermediate-acting human insulin (neutral protamine Hagedorn [NPH]) or longacting insulin analogues such as glargine may be used in combination with oral drugs. 1 Nevertheless, a relevant proportion of type 2 diabetes patients have difficulties in managing the insulin initiation accurately, which often results in early discontinuation from BOT. 2 Few studies have examined the persistence of type 2 diabetes patients on BOT in a real -world setting. [3] [4] [5] [6] [7] There is evidence from German studies that BOT initiation with insulin glargine may be associated with a higher persistence compared to initiation with NPH insulin. [5] [6] Little information is available about the impact of basal insulin changes on associated health care costs in real-world primary care settings. In a US study, significantly higher diabetes drug and diabetes supply costs were found in patients who switched from insulin glargine to insulin detemir compared to those who continued on insulin glargine. 3 In another US study, the total overall health care costs were similar for insulin glargine and NPH insulin patients, as were the total diabetes-related health care costs. 4 In German studies, lower treatment costs were found under insulin glargine compared to insulin detemir 7 and human insulin 8 based on longer persistence. A database study from the US indicated that early discontinuation of insulin (basal or premixed insulin) in type 2 diabetes was related to approximately 10% higher acute health care costs compared to patients who did continue their insulin therapy. 9 However, the costs related to early discontinuation from BOT (insulin glargine vs NPH) have not yet been assessed. Therefore, the objective of this study is to describe the cost consequences of early discontinuation from initial basal insulin treatment (glargine, NPH insulin) in type 2 diabetes patients under real-world conditions in Germany.
Methods
The Disease Analyser database (IMS HEALTH) assembles drug prescriptions, diagnoses, and basic medical and demographic data directly obtained from the computer system of general practitioners. 10 The analyzed database period was January 2008 to March 2014 (1072 general and internal medicine practices). Patients with type 2 diabetes, who had a basal insulin (glargine, NPH insulin) initiated, whichever came first (index date), were identified. The practice visit records were used to determine 12-month prior and 12-month post index follow-up, respectively.
Direct costs were analyzed from the perspective of the statutory health insurance (payer perspective). The following cost components were included: insulin (any type), oral and injectable antidiabetic agents (eg, metformin, sulphonylureas, DPP-4 inhibitors, GLP-1 agonists), consumables (test strips, needles, lancets), medication to treat symptomatic and severe hypoglycemia (glucagon i.m., glucose i.v.), and diabetes-related medical services (eg, visit costs based on documented frequency and complexity, therapeutic remedies and aids, diabetes education and training, diagnostic procedures such as blood glucose or HbA1c-measurements). Medication and consumables costs were estimated by official pharmacy price (Lauer Taxe 11 ) minus legally defined rebates from pharmaceutical companies according to section 130a German Social Security Code, Part V (SGB V). Medical services were calculated based on the official fee scale for physicians' outpatient services (EBM). 12 Under this directive, general consultation and care services were billed as a lump sum. Single services were billed by multiplying the quantity of points times the publicly available value per point of EUR0.035. Costs for hospital stays and referrals to specialists (eg, ophthalmologist, nephrologist) were not available in the database.
Annual cost differences were defined as the difference in average costs of patients during 1 year after ID minus 1 year before ID. The primary outcome was the annual cost difference (post vs prior ID) calculated both for patients who discontinued and those who persisted to their initial BOT. Potential confounders considered were age, sex, diabetes duration, antidiabetic comedication, baseline HbA1c, diabetologist care, and participation in a disease management program, in addition to baseline costs. The Charlson Comorbidity Index (CCI) was used to adjust for baseline characteristics in concomitant diseases. 13 Descriptive statistics were given and group differences were assessed using linear or logistic regression models. Propensity score matching was used to adjust for age, sex, diabetes duration, antidiabetic comedication, diabetologist care, and CCI between the insulin groups.
Two-sided tests were used and a P value of <.05 was considered as statistically significant. All analyses were carried out following the German good practice recommendations of secondary data analysis 14 using SAS 9.3 (SAS Institute, Cary, NC, USA).
Results
The baseline characteristics of type 2 diabetes patients initiating BOT with either insulin glargine or human basal insulin (NPH) are shown in Table 1. In the NPH cohort, patients were slightly older than in the glargine group, whereas average diabetes duration was approximately 1 year longer in glargine patients (both P < .001). The mean HbA1c (%) value before insulin initiation was higher in glargine than in NPH patients (P < .001), whereas no differences were observed for diabetologist care, disease management program participation, and the number of different oral antidiabetic drugs before insulinization (Table 1) . Finally, NPH patients were more frequently treated in practices in western Germany.
Within the first 90 days after initiation of BOT, 13% of patients who started on insulin glargine discontinued their treatment (NPH: 18%; P < .05). Fewer than half of the discontinued glargine patients (43%) switched to a different basal insulin or another insulin treatment regimen (NPH: 54%). The other discontinued patients changed to GLP-1 receptor agonists (glargine: 3.8%, NPH: 4.9%) or returned to oral antidiabetic therapy (glargine: 53.2%, NPH: 41.1%).
The baseline characteristics of those patients who switched from their initial basal insulin to a different basal insulin or to another insulin treatment regimen (eg, conventional therapy [CT] with premixed insulin or prandial therapy (SIT) with short acting insulin) are shown in Table 2 . Patients who discontinued on NPH-insulin were slightly older, were less often in diabetologist care, and were less frequently enrolled in disease management programs ( Table 2) . No significant differences were found for gender distribution, the number of oral antidiabetic drugs, or the occurrence of comorbidities (CCI).
After propensity score matching and adjusting for further confounders (baseline HbA1c, region of practice, disease management program participation, and baseline costs), annual direct medical costs of patients who discontinued and adhered to their initial basal insulin were compared for both groups and between both groups (Tables 3-5 ).
Comparison between the 2 basal insulin groups (glargine vs NPH) showed significant savings for total annual treatment costs (EUR-48 [22] ; P = .0288) and diabetes-related prescription costs (EUR-49 [19] ; P = .0109) among persistent glargine patients compared to persistent NPH patients (post vs prior ID), whereas no relevant cost difference was observed for medical services (EUR+7 [8] ; P = .3782) between these 2 groups (Table 3) . Annual cost differences (post vs prior ID) for diabetesrelated prescriptions (drugs and consumables) were also lower for those patients who persisted on glargine compared to those who switched to other insulins (EUR-74 [42]; P = .0780) ( Table 4 ). Annual cost differences for total treatment costs (diabetes-related prescriptions and other medical services) were also lower for those who persisted on glargine (EUR-67 [47]; P = .1535) ( Table 4 ). No relevant cost difference was observed for other medical services provided by the general practitioners (EUR+4 [18] ; P = .8264) ( Table 4 ). In the NPH cohort, there were no relevant cost differences in any of the cost components after adjusting for potential confounders between patients who discontinued their NPH therapy and those who continued ( Table 5 ).
In a subgroup analysis, the last recorded HbA1c values were analyzed in the 4 patient groups. In glargine users, those who discontinued had significantly higher HbA1c values than those who continued with the basal insulin (mean 
Discussion
This real-world study shows that adherence to BOT with insulin glargine resulted in significant lower total annual treatment and diabetes-related prescription costs than adherence to BOT with NPH insulin. In addition, adherence to BOT with insulin glargine right from the start was also associated with relevant savings regarding total annual treatment costs and diabetesrelated prescription costs in type 2 patients compared to switching to a different basal insulin or another insulin treatment regimen directional favoring insulin glargine. In line with our data, a recent study showed that switching 2 basal insulin analogues resulted in significantly greater acute care costs. 3 Thus, our results support the medical concept to prolong persistence on BOT with long-acting insulin glargine, provided that sufficient glycemic control is given. The present real-world data indicate a challenging proportion of patients who discontinued their basal insulin within the first 3 months. Whereas 18% of all patients in the NPH group stopped their BOT prematurely, 13% of all patients in the glargine group withdrew from this treatment regimen. Numerous head-to-head trials of insulin glargine versus NPH insulin and several meta-analyses 15,16 demonstrated a tendency of better glycemic control in favor of glargine as well as less hypoglycemia, especially during the night, which might partly explain the above findings. In addition, once versus twice daily insulin administration, flexible injection times, and a ready to use formulation 17 probably result in a greater treatment satisfaction and improved quality of life 18 and might also contribute to the difference in discontinuation frequency.
Almost half of the patients who discontinued their BOT early with either insulin glargine or human insulin (NPH) returned to some kind of oral antidiabetic therapy. Recently, short-term intensive insulin therapy was reported to achieve long-term glycemic control in patients with newly diagnosed type 2 diabetes. [19] [20] [21] Injection related anxiety, 22 fear of hypoglycemia, 23 and weight gain 24 might have also played a role for the return to solely oral antidiabetic therapy. Further studies are needed to analyze the underlying reasons.
The other half of patients who discontinued their basal insulin (BOT) early switched to different insulin treatment regimens. Although BOT was shown to be superior compared with conventional (CT) and prandial insulin therapy (SIT) in head to head trials, [25] [26] [27] these alternative treatment options are important for specific diabetes populations. In particular, in blind patients or patients with mental or movement disorders, a switch to conventional insulin therapy (CT) with twice daily premixed insulin may be more suitable and convenient. Other patients (eg, sporty patients or shift workers) might benefit from a more flexible prandial insulin therapy (SIT) with short acting insulin injections to 1 or more meals.
Interestingly, total treatment costs and diabetes-related prescription costs were lower among persistent glargine than NPH patients. It is conceivable that the lower injection frequencies of glargine compared to NPH insulin observed in a recent real-world study may contribute to this cost difference. 28 This is in line with pharmacoeconomic studies performed under German real-world conditions. 29, 30 The unadjusted mean total annual treatment costs for diabetes observed in the present study are in line with recent descriptive health economic studies in Germany. 31, 32 Based on nationwide data from a large statutory health insurance (AOK PLUS), annual absolute costs were estimated for different subgroups of type 2 diabetes patients stratified by glycemic and blood pressure control and comorbidity. 31 A direct comparison with the present study, which included patients with newly onset insulin treatment, is not possible. However, in a comparable risk group (HbA1c 7-9%; systolic blood pressure >130 mm Hg, CCI <6), the mean annual absolute costs for antidiabetic medication and consumables amounted to EUR773 and annual absolute costs for outpatient treatment amounted to EUR242, 31 which are in the same range as in the present study. These costs are lower compared to previous studies in Germany. For instance a study based on health insurance data reported average annual treatment costs of diabetes type 2 patients of EUR5958, including diabetes-related excess costs of EUR2608. 2, 32 Diabetes-related excess costs in this study were derived from a matched-pairs cost comparison with nondiabetic patients. 32 Instead, we used a bottom-up approach by selecting specific items related to diabetes resource use.
Several limitations of the present study should be mentioned. First, no valid information on diabetes type and prescribed daily doses was available in the database. Furthermore, no valid information regarding onset of diabetes was provided. Also assessment of comorbidities relied on ICD codes by primary care physicians only. Finally, it would be important to analyze the underlying reasons for early discontinuation of basal insulin therapy. Unfortunately, important aspects like compliance of the patient and views of the physicians are not covered in the database. Furthermore, clinical outcomes like HbA1c, BMI and hypoglycemia are only recorded in a subgroup of the patients in the primary care database. We have analyzed the last HbA1c values for those who discontinued and those persisted with the basal insulin therapy. As expected, mean HbA1c values of patients who stopped basal insulin (both glargine and NPH insulin) were significantly higher than those among persistent users. Thus, inadequate glycemic control is 1 factor that influenced change in basal insulin therapy.
In conclusion, persistence to basal insulin glargine was associated with significant lower annual treatment and diabetes-related prescription costs compared to patients who adhered to NPH-insulin. Moreover persistence of basal insulin glargine right from the start in type 2 diabetes was associated with relevant lower annual treatment and diabetes-related prescription costs for diabetes-related prescriptions compared to switching to different basal insulins or other insulin treatment regimens. Further studies are needed to explore the underlying reasons for early basal insulin discontinuation to improve persistence and further reduce treatment costs in type 2 diabetes patients after insulin initiation.
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